Phased array 1-to-N-way resonators can be relevant in the realization of high output powers from semiconductor laser arrays and have significant advantages over Talbot resonators. However, depending on the number of array elements, the intracavity power density on the output facet can be high, resulting in catastrophic optical mirror damage. We present a variant of the original design that overcomes these power density problems while maintaining the desirable phase-locking and power-combining properties.
Introduction
Semiconductor lasers enjoy growing popularity because of their rugged, compact, and low-cost nature. However, the power output from a single laser diode is limited, and there are many applications in which the ability to raise the output power would be valuable. One possible way to achieve this goal is to phase (and frequency) lock a lateral array of laser diodes by means of the so-called Talbot effect. 1,2 The Talbot resonator has been utilized across a wide wave-band range and has been applied to different waveguide technologies. However, their practical performance suffers from a number of limitations: (1) The array elements are poorly locked with the result that small manufacturing or operational perturbations can cause individual elements to drop out of lock, (2) the near-field output of the resonator is a two-way replication of the array and is of little practical use, (3) the far-field output contains a sinusoidal envelope of lobes without an on-axis maximum.
Earlier 3,4 we proposed a novel form of a 1-to-N-way phase-locked array resonator that is based on the splitting and regeneration of a symmetric input beam inside suitably designed multimode waveguides. [5] [6] [7] [8] The novelty of our approach is that all the photons from a single waveguide are coupled first to an active array and subsequently back to the single waveguide. The proposed design was shown 4 to have significant advantages over the Talbot resonator in terms of (a) uniform photon mixing resulting in excellent phase locking of individual elements, (2) improved modal stability, (3) near-and far-field patterns of Gaussian form.
The Gaussian output was a consequence of extracting the power from the single axial waveguide. Although the design is useful for coupling to free-space, waveguide, and fiber devices, the intracavity power density can, depending on the number of elements in the array, be high. In practice, this could result in nonlinear lensing effects that could interfere with the proper operation of the cavity or, more seriously, in irreversible damage to the core of the axial guide. 9, 10 In this paper we consider a variant of the original design, which overcomes these power density problems while maintaining the advantageous phaselocking and power-recombining properties of the original design.
Principle and Design of the 1-to-N-Way Resonator
The 1-to-N-way resonator is based on an array of square cross-sectioned ͑2a ϫ 2a͒ fundamental mode guides of length l. These are coupled to a rectangular cross-sectioned ͑2a ϫ 2b͒ multimode guide of length L͞N where L ϭ 4b 2 ͞ and is the wavelength in the core of the guide. The multimode guide provides a diffractive coupling region. The elements of the array are on a pitch p ϭ 2b͞N. The axis of the jth array
